Object tracking is an important function of video surveillance system. For the same object in a multi-camera environment, how to assign the same label to this object is so-called consistent labeling problem. Many consistent labeling approaches proposed by previous studies mainly based on the environment with multiple fixed cameras. In this study, a consistent labeling approach is proposed for a PTZ (Pan-Tilt-Zoom) camera. The same object is assigned the same label while the object in the FOV (Field-of-View) of a PTZ camera without influencing by the pan/tilt rotation. In order to achieve the above goal, the proposed approach using several methods, such as temporal differencing, template matching, mean-shift tracking, Kalman filter, and so on. A template cache is also designed for preserving the templates of an object with various angles and a least recently used (LRU) replacement mechanism is used to update the cache. The experimental results show that accuracy of the proposed approach for the consistent labeling of a PTZ camera can reach about 83 percentage.
Introduction
In a multi-camera environment, a moving object usually passes through the field -ofview (FOV) of different cameras. So, the consistent labeling function is to give the same label to the same object all the time. The consistent labeling enables the tracking of the same object in the multi-camera environment. It is also useful to record and analyze the trajectory of an object precisely. For example, the video of the same object can be retrieved quickly based on the results of the consistent labeling function.
For the previous studies related to consistent labeling, they assumed the environment covered by multiple fixed cameras. The spatial relationships among cameras are either pre-defined or established automatically. Therefore, when a moving object leaves th e FOV of one camera, the system can predict the most likely camera that the object may enter. Then, the template or spatial information of the object is matched with the foreground object entering the FOV of another camera to make sure the object the same. Color histogram matching, feature matching, or trajectory matching methods are popularly used to determine whether the same label is given to the object.
In this paper, the consistent labeling function is fulfilled on a pan -tilt-zoom (PTZ) camera. Assume there are many objects are moving in an open area and the area is monitored by using a PTZ camera, e.g., the playground of a kindergarten or the football players in the field. When a surveillant controls the PTZ camera to monitor a part of the area, the same object should be given the same label when the object appears in the FOV of the PTZ camera. Such a scenario is shown in Figure 1 . In the figure, the same object is still given the same label without influenced by the rotation of the PTZ camera. 
Related works
The previous studies related to the consistent labeling issue mainly focus on the environment covered by multiple fixed camera. For example, L. Zhu, J. N. Hwang, and H. Y. Cheng proposed a consistent labeling method on 2009 [1] . They assumed that the FOVs of cameras are either overlapped or separated. In order to achieve the goal of consistent labeling, the FOV line between two cameras is established automatically if the FOVs of two cameras are overlapped. Firstly, the feature points, called landmark points, of the images from two cameras are extracted. SIFT (Scale-Invariant Feature Transform) method is used to obtain the connection between two set of landmark points. Then, RANSAC (Random Sample Consensus) algorithm is used to perform the alignment of two images. The line to align two images is called FOV line. Oppositely, if the FOVs of two cameras are separated, the FOV line is established manually. When all the FOV lines among cameras are obtained, a color histogram matching method is used to balance the brightness of images from two cameras. Then, the location of the object 's foot and the similarity of the color histogram are used to make sure the objects in the images from two cameras are the same one. The same object is marked by the same label. An example is shown in Figure 2 . The same object can be still marked by the same label under the cameras without overlapping FOVs. Besides, S. Calderara et al. also proposed a consistent labeling method with high accuracy [2] [3] . The method was called HECOL (Homography and Epipolar -based Consistent Labeling). Assume the FOVs of two cameras are overlapped, the homography is established firstly. Bayesian statistical information is also used to solve the labeling of single or group objects. In the training phase, HECOL method is used to establish the ground-plane homography and epipolar geometry. The results are shown in Figure 3 . The experimental results also show that the labeling accuracy of HECOL method is 98.77 [4] . When an object appears in a video for the first time, it is assigned a label. Once the object appears in the video again, the same label is assigned to the object. The method is based on the motion information of the object. The method can also be used for video segmentation or scene analysis. In addition, G. Lian et al. proposed a spatial-temporal probabilistic model to solve the consistent labeling problem when the FOVs of cameras are separate, i.e., non-overlapped [5] . The model is used to predict the next possible camera when an object leaves the FOV of one camera. A method called CMCSHR (Competitive Major Color Spectrum Histogram Representation) is proposed to ensure the object in the FOV of the next possible camera is the same one.
According to the above related works, these methods are mainly designed for the multiple fixed cameras. There is still no method proposed to solve the consistent labeling problem for the PTZ camera. This is the main purpose of this study.
Method
When a PTZ camera is used to monitor people moving around a square, a consistent labeling approach is designed to mark the same person with the same label when the object enters the FOV of the PTZ camera. The process of the proposed approach is shown in Figure 4 . Firstly, foreground objects are separated from the background image. Then, every object is matched with the templates preserved previously. If an object is matched successfully, it is marked with the same label. Then, a mean-shift method is used to keep tracking the object until it leaves the FOV of the camera. The foreground object detection, consistent labeling, and object tracking is presented in the following subsections. 
Foreground Object Detection
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Foreground object detection
Two popular methods are used to detect foreground objects. One is background subtraction, the other is temporal differencing. For the PTZ camera, the rotation function causes the background model is difficult to be established. Therefore, a te mporal differencing method is used here. The equation of temporal differencing is shown in formula (1) .
where Pi and Pi+1 denotes the gray-scale images of two successive frames. Pi(x, y) is the value of a pixel at the location (x, y). D is denoted as the result of temporal differencing.
An example of foreground object detection is shown in Figure 5 . Figure 5 (a) and 5(b) are the current and previous frames, respectively. The corresponding gray -scale images are shown in Figure 5 (c) and 5(d). Figure 5 (e) is the result of temporal differencing. The edge of the foreground object is obvious unconnected. In order to solve such problem, the Otsu algorithm with an adaptive threshold [6] is used on the current and previous frames. The results are shown in Figure 5 (f) and 5(g), respectively. Then, the above images are performed the same differencing operation and the result is shown in Figure  5 (h). By observing the results shown in Figure 5 (e) and 5(h), the edges of the foreground objects in the latter result are better than the edges of the previous one. Then, two results shown in Figure 5 (e) and 5(h) are merged by using formula (2) , where I1(x, y) and I2(x, y) are the pixel values of an image on the coordinates (x, y). The merged result is shown in Figure 5 (i).
Then, some fragments of the above result are connected by using dilation and erosion operations as shown in Figure 5 (j). Finally, a hole filling operation [7] is performed to generate the expected foreground objects as shown in Figure 5 (k). Therefore, the foreground objects in a frame are detected according to the above process. 
Consistent labeling
When the foreground objects are detected in the previous process, the key consistent labeling process is performed. The following factors are considered on designing the consistent labeling approach for a PTZ camera:
 A PTZ camera can be rotated to view any position in the monitoring area. During the period of rotation, the real-time image is changed dramatically. So, the foreground object detection is paused temporarily during such period.  After the rotation of a PTZ camera is done, a foreground object is then re-marked either its original label or a new label. According to the above factors, the following steps are designed to fulfill the consistent labeling of a PTZ camera:
(1) Intersection checking of objects in two successive frames: Foreground objects detected in the previous frame are performed intersection checking with those objects in the next frame. The checking is based on the rectangle area of an object. There are three possible conditions: one-to-one (1-1), one-to-many (1-M), and many-to-one (M-1). If 1-1 is found, two objects in two successive frames are deemed as the same one. Oppositely, 1-M and M-1 mean that the split and join conditions occur, respectively. Aspect ratio checking and template matching presented later are used to handle such conditions.
(2) Aspect ratio checking of an object: The join or split of foreground objects frequently occurs. Such conditions can be found by checking the aspect ratio of an object in the successive frames. That is, the aspect ratio of an object increase or decrease significantly means the join or split condition occurs, respectively. Here, an object is performed the following consistent labeling steps only when its aspect ratio is stable, i.e., the ratio is less than a pre-defined threshold . Assume the width and height of an object in the previous frame and current frame is denoted as Wi1, Hi1, Wi and Hi, respectively. The change of the aspect ratio in width and height is computed by using formulas (3) and (4):
So, The following steps are performed when ∆W or ∆ is smaller than the threshold , which means that the join or split conditions don't occur.
(3) Template collection: When a PTZ camera is used to monitor an object moving in an open area, the same object may appear in the image with various angles. This is quite different with the fixed camera. Therefore, a template cache (TC) is designed in this step to preserve the possible templates of an object. Assume the size of TC is N, there are N templates stored in the TC for every labeled object. An example of TC is shown in Figure  6 .
Objects Template Cache An object can be performed the tracking and consisting labeling function only when its size of templates in TC is equal or larger than  (N). It is because the labeling function is easily failed if the size of templates is not enough. Besides, when the cache is full and a new template is found, a replacement strategy must be designed. Here, the basic least recently used (LRU) replacement strategy is used. The strategy will be represented in the later step.
(4) Color Histogram matching: When an object is tracking, the template matching is mainly based on the appearance model, i.e., the clothes of an object. Therefore, a color histogram matching method is used here. For two templates to be matched, the color histograms of R, G, and B channels are accumulated separately for 16 bins. Then, the corresponding bins of two images are computed to estimate the similarity using formulas (4) and (5) as shown below.
= ⁄ (4)
where k represents R, G, or B channels. represents the number of pixels in the ith bin of the channel k. Ptotal is the total number of pixels in an image. So, is the ratio of i-th bin of the channel k in an image. and represents the pixels count of the template or object in the i-th bin of the channel k. S k denotes the overall similarity of the channel k.
Then, the final similarity denoted Savg equals the average of S R , S G , and S B . Its value is within 0 and 1. Four examples of the above color histogram matching are shown in Figure 7 . The template is shown in Figure 7 (a). The matching results of four objects are marked on the line to indicate the similarity between the template and the object. Figure 7 , the similarities by matching the whole template and object image causes the values are too close. The real object is the left-most image. However, its similarity is close to the first and the second objects on the left-hand side. In order to solve such problem, the obvious difference in appearance can be found on the T-shirt/pants. Therefore, two rectangles for the upper/lower parts of the image are defined separately and the color histogram matching is also performed separately. The settings of two rectangles are mainly from the empirical study as listed in Table 1 . Four examples of two rectangles in an object image are shown in Figure 8 . Then, the body and foot parts are performed the same color histogram matching separately. Assume the similarity of the body and foot parts are denoted as SBavg and SFavg. For the same examples shown in Figure 7 , the results of SBavg and SFavg are shown in Figure 9 . By observing the results, the similarities of the left-most object, 0.81 and 0.61, are quite different from that of the first and second objects on the left-hand side. On the other hand, when an object image cannot be matched with all the templates of all the labeled objects' TC, and the maximum similarity with all templates is smaller than another threshold . It means that the object is quite different with all the templates of all the labeled objects. The object is deemed as a new one and is assigned a new label. The consistent labeling and tracking function is performed on this new object later.
By observing the above examples in
For the join and split conditions detected by the aspect ratio checking step mentioned in the first intersection checking step, the template matching will be still performed. It the join object or the multiple split objects cannot be matched with the templates of all the current labeled objects, the object will be deemed as a new one and assigned a new label just like in the previous paragraph.
Labeled object tracking
When a foreground object is either matched with a labeled object or assigned a new label, the object tracking is then performed until the object leaves the FOV of the camera. The tracking method is based on the mean-shift algorithm. It is used to estimate the most similar location of a template in a region [8] . Assume S denotes { } =1,2…, that are a sample of independent random variables from some distribution with an unknown density f(x). The size of a template image is M × N pixels. The kernel density can be estimated by using formula (6) .
where h is the bandwidth, and h0. ℎ (| − ℎ | 2 ) is the weighted mean on x coordinate.
Then, Bhattacharyya coefficient is applied to calculate the similarity between each candidate and the template. The Bhattacharyya coefficient is defined as follows:
where q is the template model, ( ) is the candidate model, and B is the number of bins used to calculate the model.
When the location of a labeled object in a frame is estimated using the mean-shift tracking method, the locations in continuous frames may be unstable caused by the noise or brightness. Therefore, a Kalman filter is used to smooth the locations. A Kalman filter is defined by the following equations [9] :
where ̂− is a priori state estimate at step k given knowledge of the process prior to step k, ̂ is a posteriori state estimate at step k given measurement. zk The matrix A relates the state at the previous time step k-1 to the state at the current step k, and matrix B relates the optional control input uk to the state x. Pk is estimate error covariance, Kk is Kalman gain, Q is process noise covariance, and R is the measurement noise covariance. Formulas (9) and (10) are time update equations. Formulas (12)-(14) are measurement update equations. An example by filtering x coordinates with/without Kalman filter is shown in Figure 10 . It is obvious that the curve of the x coordinates processed by the Kalman filter is smoother than the curve of the original x coordinates. 
Experimental study
In order to evaluate the performance of the proposed consistent labeling approach of a PTZ camera, a set of persons walks randomly in the experimental site. However, such a way is impractical since it is time-consuming. If an error is found, it is also difficult to be removed because those persons cannot walk in the same way repeatedly. Therefore, a video is recorded for the experiment. A prototype was also implemented to perform the function of consistent labeling on the video. A PTZ camera is simulated by viewing only one-fourth of the video frame. The viewing windows can be adjusted to simulate the operation of a PTZ camera. Then, an experiment is designed and can be repeated to analyze the accuracy of the proposed consistent labeling approach.
Prototype
A prototype was implemented by using Visual C# 2010 and two popular libraries, AForge.NET [10] and EmguCV [11] . Its screen shot is shown in Figure 11 . The testing video is the random walk of five persons in a square. There are totally 650 frames with resolution 640480 pixels as shown in Figure 12 . During the walking of five persons, three unknown persons are passing through the five persons. The same video is performed 10 different control sequences to simulate the differe nt operations of a PTZ camera. Most of the sequences are normal operations. Some operation sequences are quick and some are normal. Every control sequence is repeated eight times for the cache size N from one to eight. So, there are 80 tests totally.
A suitable setting of parameters was determined from the experiments, including =0.2, =3, Tb=0.8, and Tf=0.6. 
Results
There is still no related study of the consistent labeling approach using a PTZ camera. Therefore, the analysis of the experimental results focuses on the influence of the cache size N on the labeling accuracy. As mentioned previously, there are 10 differe nt control sequences operated on the testing video. And, every sequence is operated for eight times for the cache size N from one to eight. In order to ensure one control sequence is the same for the different cache size. A sequence is recorded and then controlled automatically by the prototype in the experiment. Therefore, the influence of the operator can be reduced to minimum. The screen shots of the experiment are shown in Figure 13 : The 80 tests are recorded and then checked visually. Two results are calculated for a test: one the total number of foreground objects, denoted as TObj, the other is the number of objects with an error label, denoted as LErr. An object is labeled consistently when it meets the following criteria:
(1) After the FOV is adjusted, the object can still be marked with the same label.
(2) If the object is joined with other objects, the object can be marked with the same label after splitting has occurred. On the other hand, an object is deemed as labeled error either if the label is wrong or no label is assigned to it. The accuracy of consisting labeling is computed using formula (14):
The average accuracy of the ten control sequences for N from one to eight is listed in Table 2 . By observing the results in the table, the accuracy is the lowest when N equals to one. It is the same as our expectation since the insufficient templates did decrease the accuracy. Oppositely, the highest accuracy appears when N equals to four. Then, the accuracy is decreased as the increasing of the cache size N.
For the cache size N equals to four, the accuracy of ten tests is listed in Table 3 . Among them, the accuracy of the fifth and tenth control sequences is low since the PTZ camera is controlled to be operated very frequently. Some objects are going to leave the FOV and the time is not enough to mark its label. On the other hand, the highest accuracy appears on the ninth testing sequence. All the accuracy of the ninth testing sequence for N is from one to eight is also listed in Table 4 . The highest accuracy appears on N equals to 2. In fact, the accuracy of N=3 or 4 is still good and over 90 percentage.
In addition to the analysis of the labeling accuracy, the processing time is also analyzed. For the processing of a single frame, the foreground object detection took 16.7 ms, the consistent labeling function took 21.2 ms, and the mean-shift tracking took 6.1 ms. The overall processing time is about 44 ms. It means that the proposed approach is able to achieve 22 FPS (frames-per-second). 
Conclusion
In this paper, a consistent labeling approach is proposed for a PTZ camera. Unlike the previous approaches based on multiple fixed cameras, an object may appear in the image with various angles. Therefore, a template cache is designed and LRU (Least Recently Used) replacement strategy is also used to maintain the set of templates for every object. The experimental results show that the average accuracy is 83 percentages. The results of different cache size N also show that the cache size can influence the labeling accuracy. A large cache size results in a long matching time. A suitable cache size is from two to four. Two factors influencing the labeling accuracy are listed below:
(1) The tracking is sometimes failed since the template matching process cannot be finished before the switching of the FOV.
(2) The distance between the camera and the object is quite long. The object image is small and may influence the similarity of the template matching that is based on the apparent model.
In the future, the distance between the camera and the subjects will be shortened and the facial biometrics can be used to identify the subject to assign the correct label. In fact, the zoom capability of a PTZ camera can achieve such goal. It may also influence the design of the consistent labeling approach. The above issue will be studied further to improve the labeling accuracy.
